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ABSTRACT 
 
One of the factors affecting the success or otherwise of the procurement process is the quality of its financial 
management.  In many cases, particularly in the early stages of a project, this is dependent on the accuracy of 
forecasts of future costs.  For risk management purposes, what is most useful is the representation of future costs 
in the form of a probability distribution.  In the case of early stage building contract price forecasts the 
approximate distribution of the likely error is usually obtained by the stochastic simulation of values from the 
distribution of known elemental rates under the simplifying assumption that the elemental rates are from 
independent random variables.  This paper describes an empirical study aimed at investigating the accuracy of 
this method in comparison with one which incorporates the intervariable correlations.  This confirms previous 
work in showing that the estimated second moment (variance) is considerably different when using the mean 
element rates as estimators, with the approximate method producing much lower estimates.  It is then shown 
that, under the empirically supported assumption that element rates are normally distributed, the total project is 
also lognormally distributed and that this is completely specified.  It is also shown that the coefficient of 
variation is unaffected by the size (floor area) of the project.  The analysis then continues to examine the role of 
professional judgement and, with the simulated data used, the independent approximation is shown to be 
reasonably accurate – the professional judgement absorbing most of the intercorrelations involved.  A final 
example is given involving the use of elemental unit quantities and rates.  This shows how a unique project rate 
variance can be calculated for an individual future project, based on relevant data from previous projects and 
taking into account interelemental rate correlations.  The results again suggests that the approximating method 
may be quite accurate. 
 
Keywords: Errors, forecasting, covariance, price, stochastic simulation, variance. 
 
 
INTRODUCTION 
 
It is of interest for prospective new construction owners (clients) to have some early estimate of the likely 
expenditure involved in the construction process.  Conventionally, this is an estimate of the value of the contract 
price (usually lowest tender) – termed here contract price estimates (CPEs).  Many empirical studies have shown 
that CPEs are not very reliable, a coefficient of variation of 15-20% being a typical accuracy figure in the early 
design stages.  This has led [eg. Raftery (1993)] to the suggestion that, in addition to providing an estimate of the 
most likely price, consultants should also provide a measure of the reliability of the CPE either in the form of a 
range estimate [Curran (1989)] or coefficient of variation [Raftery (1993)].  One way of doing this is by top-
down, statistical analysis, of previous CPEs in comparison with the actual contract price.  An alternative is to 
estimate the reliability of CPEs synthetically, or bottom-up, from objectively (from the analysis of previous 
results) or subjectively (using professional judgement) derived measures of reliability of the CPE components.  
The most obvious and popular synthetic treatment has been to generate a frequency distribution of possible 
prices by stochastic simulation, assuming the CPE components to be independently distributed.  Barnes (1969) 
has proposed an analytical derivation of the first and second moments (mean and variance) of the total price, also 
assuming independence.  The independence assumption has, however, been questioned by Raftery (1984) and 
others as being over-simplistic and misleading as there are strong practical reasons for believing the CPE 
components to be quite highly correlated and that this will lead to substantially different results.  According to 
Touran and Wiser (1992), disregarding the correlation between variables in an estimate results in an 
underestimation of the total cost variance. 
 
Most recently, Ranasinghe (1994) has proposed a theoretical solution to this which takes into account 
interCPEcomponent correlations in calculating the second moment of the distribution (the first moment is 
unaffected by the independence assumption).  Ranasinghe’s components, however, exist at the construction 
resource (eg labour, materials, plant, etc) level, details of which are inestimable by the personnel and information 
available in early-stage design. 
 
This paper proposes an objective bottom-up derivation of a synthetic measure of reliability of an early-stage 
construction price estimate based on the conventional elemental cost analysis/synthesis approach used by 
practitioners at this stage.  In considering a set of 29 Hong Kong building projects and their elemental rates 
(elemental price divided by gross floor area), it is shown how the element rate variances and covariances can be 
utilised to obtain an estimate of the variance, of the total price.  This is contrasted with the approximated 
estimated variance of the total price obtained under the independence assumption, confirming Touran and 
Wiser’s (1992) assertion, ie., the approximation under the independence assumption significantly underestimates 
the variance of the total price.  Using Touran and Wiseman’s assumption of lognormally distributed components, 
it is then shown how the distribution function can be derived.  It is also shown that the coefficient of variation of 
the total price, obtained by both these approaches is invariant with project size (gross floor area), enabling an 
indication of the variance of the total price estimate to be made without knowledge of the project size.  The paper 
then continues to examine the situation where element rate estimates are adjusted by professional judgement and, 
finally, where element unit quantities are available. 
 
 
DEFINITIONS 
 
Element: a component of the total project comprising a mutually exclusive group of common features (eg. walls, 
floors, windows, doors) 
 
Element price: the part of the total project price allocated to that element. 
 
Project price: the sum of all the element prices for a project. 
 
Element rate: element price divided by the gross floor area of the project. 
 
Project rate: the sum of all the element rates for a project 
 
Element unit rate: element rate divided by the element unit quantity 
 
Element unit quantity: number of elemental units (eg m2 area of walls, number of doors)  
 
Database project: a past project for which data (element rates) are available 
 
 
MODEL 
 
Let xip be the element rate for element i of database project p, and let Xi be a random variable from which xip is a 
value.  The total project price, tp, for project p is therefore 
 
tp = Σ xipap 
 
where ap is the gross floor area for project p.  The variance of Σxi is 
 
           (1) 
 
and the variance of tp is 
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[eg. Mood (1974:179)] 
 
 
CASE STUDY 
 
Estimation by mean element rates 
 
Cost analyses of 29 school projects have been collected from the Architectural Services Department of Hong 
Kong.  The projects were tendered between 1986-1998, and the prices in the cost analyses were updated to 3rd 
quarter of 1998 price.  Table 1 summarises the updated element rates for the 29 Hong Kong school projects.  The 
columns with integer values contain simulated element unit quantities (described later).  The last column gives 
the project rate.  The last three rows give the means, standard deviations and coefficients of variation 
respectively for each column, showing the mean and standard deviation of the project rates to be 7987.17 and 
1671.68 respectively, which is a coefficient of variation of 22.06%.  The sum of the variances (squared standard 
deviations of the element rates) is 1334254, which is a standard deviation of 1155.10, or a coefficient of variation 
of 14.59%.  Table 2 gives the correlation coefficients.  As can be seen, many of the coefficients are significantly 
positively correlated.  This explains why the actual coefficient of variation of the project rate (from eqn 2) of 
22.06% is considerably underestimated by the approximation of 14.59% assuming independence (negative 
correlations would result in overestimates).  It should also be noted that the coefficient of variation is invariant of 
gross floor area (a) and therefore both eqn (1) and eqn (2) are equally appropriate. 
 
Touran (1993) has assumed the distribution of the estimate components to be lognormally distributed although 
normal, triangular, beta and uniform distributions has also been proposed [Spooner (1974)].  Touran and Wiser’s 
(1992) analysis of a very large sample of data, however, supports the lognormal model with “In almost all cases, 
lognormal appear[ing] to give the best fit …” (p.263).  As it is know that the sum of a set of two parameter 
lognormal variables is also a two parameter lognormal variable [Aitchison and Brown (1957)], the distribution 
function is completely defined by tp and its variance as calculated above. 
 
Estimation by subjectively derived element rates 
 
However, the more usual practice is to estimate the element rate values by professional judgement
1
.  In this case, 
it is appropriate to consider the efficacy of previous such judgements in order to quantify the uncertainties 
involved.  Now, instead of modelling the actual rates, as above, this time we model the difference between the 
estimated and actual rates.  Table 3 provides a hypothetical database of the difference between element rates 
estimated by professional judgement and the actual element rates that occurred.  This time the total differences 
are shown in the last column and the means, standard deviations and coefficients of variation of the element 
differences are shown in the last two rows.  The mean and standard deviation of the estimates of project rates are 
–687.11 and 1583.09, indicating a bias towards underestimates, with a coefficient of variation of 19.82%. Thus, 
in this hypothetical situation, the introduction of professional judgement has reduced the likely distribution of 
forecast project rates from a coefficient of variation of 22.06% to 19.82%
2
.  Also, the coefficient of variation, 
assuming independence, in this case is 18.20% - a quite close approximation to the true value.  The reason that 
the coefficient of variation approximation assuming independence is so much improved with professional 
judgement is because the estimates themselves now contain much of the correlation in the data – the effect being 
to largely cancel out the correlations involved. 
 
 
 
                                                 
1 Although this judgement may well be based on the mean value of the element rates in the database. 
2 The correction for bias is straightforward. 
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Table 1.  Hong Kong public school project cost data 
Pr Typ GFA PREL SUB SUP M&E EW DRAIN SITED FURN CONTG TOTAL 
1 1 6530 1440.54 120 317.87 50 5818.36 107 1294.80 87 1131.59 110 336.82 100 1961.34 78 25.31 50 813.66 80 13140.29 
2 1 7484 1250.53 100 364.04 100 3536.75 76 952.68 34 1099.10 78 401.56 120 354.80 12 7.47 15 522.62 45 8489.55 
3 1 7484 589.86 50 443.42 98 3324.04 56 1043.31 89 1151.41 99 267.80 56 1424.42 99 9.22 17 516.12 57 8769.60 
4 1 7484 816.09 45 396.75 56 3887.24 67 1218.25 89 673.77 45 166.73 34 810.67 56 8.75 15 490.10 40 8468.35 
5 2 8150 535.73 23 306.61 34 4378.83 100 1083.05 65 893.69 56 228.45 45 448.80 34 16.25 23 738.28 89 8629.69 
6 2 8150 716.69 78 345.70 23 4236.18 96 996.67 45 765.75 43 200.41 45 340.96 23 16.25 32 738.28 80 8356.89 
7 2 8150 144.87 23 792.02 115 4240.65 89 1057.08 78 864.08 78 198.86 23 1722.40 67 32.69 56 1188.17 110 10240.82 
8 1 4713 400.67 65 353.27 45 2997.83 56 350.93 12 790.63 45 242.03 67 974.96 34 3.55 4 310.17 32 6424.04 
9 1 4713 236.16 34 237.47 56 2803.39 45 282.68 23 502.01 34 162.86 44 582.47 34 38.55 66 332.30 29 5177.89 
10 1 4713 237.56 19 190.64 12 2751.29 67 281.74 34 430.28 45 159.65 45 522.02 23 42.98 78 332.30 28 4948.46 
11 1 4713 233.32 33 234.99 34 2710.45 56 281.79 34 561.42 44 157.24 24 809.19 45 38.55 56 332.30 36 5359.25 
12 1 6238 537.53 78 440.50 99 3644.81 87 907.49 110 1174.17 98 232.77 56 871.28 49 14.58 23 757.49 75 8580.62 
13 1 6290 378.51 21 130.84 13 4206.50 88 783.01 76 842.10 34 243.04 56 3453.34 120 34.68 45 972.86 81 11044.88 
14 2 6964 115.19 12 126.56 23 3257.21 67 399.58 34 689.79 78 126.33 12 530.54 25 67.91 56 397.23 27 5710.34 
15 2 6964 478.81 56 265.65 45 4160.06 99 463.91 56 740.92 56 135.45 19 572.14 22 675.24 120 383.11 20 7875.29 
16 2 6964 475.98 34 306.07 67 4160.06 105 463.91 34 740.48 45 135.45 34 495.81 21 675.24 116 383.11 47 7836.11 
17 2 6964 467.76 45 217.76 34 3798.54 56 435.71 45 863.44 78 210.85 56 549.12 34 634.20 120 359.82 31 7537.20 
18 2 6964 466.68 56 228.54 56 3798.54 45 435.71 45 922.31 67 207.84 56 465.84 28 634.20 107 359.82 30 7519.48 
19 2 8393 416.42 32 174.69 23 3065.08 23 856.94 78 554.13 34 196.45 34 554.94 35 4.17 2 521.76 58 6344.58 
20 2 8393 778.59 98 220.36 45 3336.51 34 973.27 56 589.10 56 151.52 39 423.95 28 884.55 111 776.13 71 8133.98 
21 2 8393 387.11 46 161.58 12 3757.71 67 1040.29 89 650.18 34 179.33 36 21.77 4 823.93 100 684.60 60 7706.50 
22 2 8393 530.92 65 188.61 25 3607.18 45 917.84 90 792.95 43 232.30 78 533.73 20 28.88 12 806.61 89 7639.02 
23 2 6060 543.32 45 260.24 54 4502.96 89 2174.02 120 596.01 34 204.05 89 739.39 37 0 1 487.17 40 9507.16 
24 2 8150 516.26 50 780.06 110 3736.16 34 1148.24 45 840.25 67 168.55 54 2168.83 110 18.62 4 964.83 90 10341.80 
25 2 13518 432.01 56 244.34 34 3842.54 23 448.91 23 516.73 54 215.51 35 356.02 23 638.00 89 370.75 30 7064.81 
26 2 16300 452.79 23 330.38 45 3946.49 34 864.95 67 559.59 43 153.96 32 1269.96 89 18.62 2 1074.85 90 8671.59 
27 2 13518 297.76 12 132.42 12 3573.32 45 430.08 45 544.63 45 145.62 23 590.86 34 240.87 21 359.74 20 6315.30 
28 1 6238 500.84 56 225.91 23 3767.80 34 560.70 78 831.80 77 198.20 35 1291.54 56 3.14 1 535.49 60 7915.42 
29 1 6238 163.80 23 341.96 56 4027.10 56 532.34 65 849.03 89 192.19 33 1221.45 37 15.76 21 535.49 60 7879.12 
mean  501.46  302.04  3754.26  782.06  764.18  201.79  898.71  194.90  587.76  7987.17 
sd  286.37  157.34  619.30  409.17  199.61  58.56  696.49  296.89  245.01  1761.68 
cv  57.11  52.09  16.50  52.32  26.12  29.02  77.50  152.33  41.69  22.06 
Note: Type 1 = Primary School; Type 2 = Secondary School 
  
Table 2.  Correlation coefficients 
Var PREL SUB SUP M&E EW DRAIN SITED FURN CONTG 
PREL 1.0000 .0977 .5079* .4772* .4988* .6904* .0387 -.0246 .1717 
SUB .0977 1.0000 .1950 .3317 .4061* .1444 .3561 -.2859 .5090* 
SUP .5079* .1950 1.0000 .5401* .4244* .3172 .3330 .0356 .4432* 
M&E .4772* .3317 .5401* 1.0000 .2506 .3183 .1847 -.2340 .5067* 
EW .4988* .4061* .4244* .2506 1.0000 .7003* .3346 -.1964 .2829 
DRAIN .6904* .1444 .3172 .3183 .7003* 1.0000 .2100 -.2998 .1640 
SITED .0387 .3561 .3330 .1847 .3346 .2100 1.0000 -.4098* .5536* 
FURN -.0246 -.2859 .0356 -.2340 -.1964 -.2998 -.4098* 1.0000 -.2332 
CONTG .1717 .5090* .4432* .5067* .2829 .1640 .5536* -.2332 1.0000 
*p<0.05 
 
 
Table 3: Estimate errors 
Proj PREL SUB SUP M&E EW DRAIN SITED FURN CONTG TOTAL 
1 -418.08 -136.89 -2793.33 -9.90 -516.48 -12.24 144.14 4.82 -285.25 -4023.21 
2 -796.98 1.74 -967.65 -232.80 -57.67 -176.21 -43.40 0.54 -120.03 -2392.44 
3 -189.24 -21.60 -682.00 -131.65 -27.22 -82.18 16.50 0.20 84.33 -1032.85 
4 162.28 -9.39 1749.55 -269.14 23.63 -4.24 -64.68 -0.09 -364.76 1223.15 
5 -86.24 -88.05 -689.91 -477.49 -379.66 -134.43 30.08 2.93 195.48 -1627.29 
6 181.28 65.84 -1042.76 -457.28 0.50 -52.11 140.70 1.72 -123.56 -1285.67 
7 79.61 -199.98 -1988.96 -3.70 -279.97 12.69 -1482.79 5.90 40.86 -3816.35 
8 67.05 -122.98 1051.90 68.95 -325.44 -63.05 -452.12 0.75 86.34 311.40 
9 79.86 57.06 162.39 -80.02 100.99 -5.99 -257.20 20.52 -9.54 68.08 
10 81.03 -45.44 180.82 -34.65 111.36 -13.88 125.48 18.47 51.42 474.60 
11 41.28 32.19 11.67 43.57 -201.59 29.44 327.05 -17.45 98.47 364.61 
12 -10.16 -86.74 -995.99 185.83 -300.25 -17.18 1.79 6.28 251.63 -964.79 
13 25.88 26.78 -997.15 9.14 -25.45 18.06 -1502.47 -4.16 287.57 -2161.80 
14 50.62 105.74 53.11 -21.33 -45.41 33.42 -145.75 6.75 204.82 241.98 
15 50.90 63.19 1520.10 184.83 450.01 136.77 11.47 -287.64 4.93 2134.56 
16 115.25 39.68 -666.41 102.35 -297.30 14.67 -18.91 -118.82 54.50 -774.98 
17 -0.74 -57.93 -435.49 202.79 4.76 28.59 26.34 -34.77 2.50 -263.95 
18 159.46 109.44 1995.14 33.67 -56.04 47.07 -109.55 -446.92 -41.62 1690.65 
19 -81.43 -56.26 333.33 -295.99 370.57 30.65 311.26 1.88 13.33 627.34 
20 -80.63 108.73 820.12 -230.90 -74.48 34.19 -236.97 -657.33 124.41 -192.87 
21 -0.54 19.20 680.61 -102.88 -16.90 2.51 11.40 -455.75 222.28 359.91 
22 52.45 25.59 360.15 -134.36 -108.80 -61.89 -39.19 -4.61 -675.15 -585.82 
23 188.86 45.77 -1430.23 -941.64 43.70 0.66 -35.02 0.00 -86.09 -2213.98 
24 -26.54 -149.92 -1137.25 -100.56 -222.61 4.34 -252.19 -4.43 27.77 -1861.39 
25 211.98 39.40 -4248.19 120.80 -237.82 -56.72 -98.34 -72.34 217.72 -4123.52 
26 187.14 -57.61 -489.67 -480.89 -163.46 53.81 505.60 0.80 557.82 113.55 
27 -5.54 5.70 162.20 9.77 -26.25 30.11 227.75 -4.61 -92.79 306.34 
28 91.31 127.66 65.22 -70.60 443.74 -40.16 80.70 -0.55 116.32 813.63 
29 -48.54 258.25 -620.31 96.46 -691.17 1.62 -189.98 0.82 -142.21 -1335.06 
mean 2.81 3.42 -346.17 -104.06 -86.37 -8.33 -102.35 -70.24 24.19 -687.11 
sd 196.98 94.93 1283.94 244.24 249.05 58.80 423.74 166.20 221.02 1583.09 
cv 39.28 31.43 34.20 31.23 32.59 29.14 47.15 85.27 37.60 19.82 
 
 
Estimation by mean element unit rates 
 
Table 4 gives the element unit rates for each element for each project, assuming the element unit quantities in 
Table 1.  With coefficients of variation ranging from 21.50 to 105.48, these are quite typical of those found in 
practice [Beeston (1974)].  Multiplying the mean element unit rates in Table 4 by the element unit quantities in 
Table 1 and subtracting the actual element rate provides the set of differences shown in Table 5.  As can be seen, 
the coefficient of variation for the forecast project rate is now 16.90%, again a typical figure found in practice for 
this kind of estimate.  The coefficient of variation, assuming independence is 17.82% - an overestimate in this 
case. 
 
Table 4.  Element unit rates 
Proj PREL SUB SUP M&E EW DRAIN FURN SITED CONTG 
1 12.00 6.36 54.38 14.88 10.29 3.37 25.15 0.51 10.17 
2 12.51 3.64 46.54 28.02 14.09 3.35 29.57 0.50 11.61 
3 11.80 4.52 59.36 11.72 11.63 4.78 14.39 0.54 9.05 
4 18.14 7.08 58.02 13.69 14.97 4.90 14.48 0.58 12.25 
5 23.29 9.02 43.79 16.66 15.96 5.08 13.20 0.71 8.30 
6 9.19 15.03 44.13 22.15 17.81 4.45 14.82 0.51 9.23 
7 6.30 6.89 47.65 13.55 11.08 8.65 25.71 0.58 10.80 
8 6.16 7.85 53.53 29.24 17.57 3.61 28.68 0.89 9.69 
9 6.95 4.24 62.30 12.29 14.77 3.70 17.13 0.58 11.46 
10 12.50 8.29 41.06 8.29 9.56 3.55 22.70 0.55 11.87 
11 7.07 6.91 48.40 8.29 12.76 6.55 17.98 0.69 9.23 
12 6.89 4.45 41.89 8.25 11.98 4.16 17.78 0.63 10.10 
13 18.02 10.06 47.80 10.30 24.77 4.34 28.78 0.77 12.01 
14 9.60 5.50 48.62 11.75 8.84 10.53 21.22 1.21 14.71 
15 8.55 5.90 42.02 8.28 13.23 7.13 26.01 5.63 19.16 
16 14.00 4.57 39.62 13.64 16.46 3.98 23.61 5.82 8.15 
17 10.39 6.40 67.83 9.68 11.07 3.77 16.15 5.29 11.61 
18 8.33 4.08 84.41 9.68 13.77 3.71 16.64 5.93 11.99 
19 13.01 7.60 133.26 10.99 16.30 5.78 15.86 2.08 9.00 
20 7.91 4.90 98.13 17.38 10.52 3.89 15.14 7.97 10.93 
21 8.42 13.47 56.09 11.69 9.70 4.98 5.44 8.24 11.41 
22 8.17 7.54 80.16 10.20 18.44 2.98 26.69 2.41 9.06 
23 12.07 4.82 50.60 18.12 17.53 2.29 19.98 0.00 12.18 
24 10.33 7.09 109.89 25.52 12.54 3.12 19.72 4.66 10.72 
25 7.71 7.19 167.07 19.52 9.57 6.16 15.48 7.17 12.36 
26 19.69 7.34 116.07 12.91 13.01 4.81 14.27 9.31 11.94 
27 24.81 11.03 79.41 9.56 12.10 6.33 17.38 11.47 17.99 
28 8.94 9.82 110.82 7.19 10.80 5.66 23.06 3.14 8.92 
29 7.12 6.11 71.91 8.19 9.54 5.82 33.01 0.75 8.92 
mean 11.38 7.16 69.13 13.85 13.47 4.88 20.00 3.07 11.20 
sd 4.92 2.67 31.37 5.93 3.52 1.74 6.09 3.24 2.51 
cv 43.23 37.27 45.38 42.81 26.16 35.77 30.45 105.48 22.41 
 
 
Table 5.  Estimate error between the mean and actual element unit rates 
Proj PREL SUB SUP M&E EW DRAIN SITED FURN CONTG TOTAL 
1 -75.36 40.25 1578.45 -89.90 350.21 150.86 -401.32 128.33 82.44 1763.96 
2 -112.88 352.21 1717.06 -481.80 -48.37 183.65 -114.80 38.62 -18.57 1515.13 
3 -21.04 258.50 547.19 189.29 182.21 5.30 555.60 43.02 122.35 1882.42 
4 -304.15 4.35 744.41 14.35 -67.58 -0.92 309.34 37.34 -42.05 695.09 
5 -274.07 -63.09 2534.08 -182.84 -139.32 -8.99 231.21 54.42 258.63 2410.03 
6 170.68 -180.96 2400.21 -373.45 -186.50 19.05 119.04 82.08 157.82 2207.96 
7 116.79 31.67 1911.84 23.18 186.65 -86.69 -382.39 139.39 43.96 1984.39 
8 338.80 -30.96 873.40 -184.74 -184.44 84.71 -294.95 8.74 48.27 658.84 
9 150.64 163.63 307.42 35.86 -44.00 51.72 97.54 164.25 -7.46 919.59 
10 -21.41 -25.90 1880.36 189.14 175.91 59.81 -62.02 196.70 -18.67 2373.92 
11 142.10 8.53 1160.78 189.09 31.30 -40.20 90.82 133.53 70.94 1786.90 
12 349.84 268.59 2369.42 615.95 145.98 40.33 108.73 56.09 82.60 4037.52 
13 -139.60 -37.73 1876.86 269.55 -384.09 30.06 -1053.32 103.59 -65.56 599.76 
14 21.33 38.18 1374.44 71.30 360.94 -67.81 -30.53 104.17 -94.80 1777.21 
15 158.27 56.66 2683.72 311.66 13.45 -42.79 -132.14 -306.51 -159.09 2583.24 
16 -89.18 173.82 3098.49 6.97 -134.29 30.36 -75.81 -318.80 143.35 2834.92 
17 44.18 25.76 72.69 187.51 187.29 62.25 130.89 -265.47 -12.58 432.53 
18 170.40 172.56 -687.73 187.51 -19.76 65.26 94.17 -305.41 -23.78 -346.78 
19 -52.37 -9.95 -1475.11 223.32 -96.12 -30.64 145.07 1.98 127.91 -1165.93 
20 336.31 101.95 -986.12 -197.70 165.27 38.67 136.06 -543.47 19.16 -929.88 
21 136.21 -75.63 873.94 192.31 252.37 -3.77 58.23 -516.65 -12.53 904.48 
22 208.55 -9.55 -496.37 328.61 -213.70 148.09 -133.73 7.99 190.30 30.20 
23 -31.38 126.53 1649.53 -512.09 -138.00 229.98 0.62 3.07 -39.12 1289.15 
24 52.56 7.81 -1385.77 -525.02 62.30 94.80 31.19 -6.33 43.28 -1625.17 
25 205.07 -0.82 -2252.57 -130.37 210.70 -44.82 103.98 -364.52 -34.71 -2308.06 
26 -191.13 -8.07 -1596.10 62.96 19.66 2.10 510.06 -12.47 -66.74 -1279.74 
27 -161.24 -46.47 -462.51 193.14 61.56 -33.45 89.15 -176.34 -135.72 -671.88 
28 136.24 -61.17 -1417.41 519.56 205.46 -27.51 -171.53 -0.07 136.58 -679.85 
29 97.86 59.14 -155.87 367.87 349.88 -31.26 -481.44 48.77 136.58 391.53 
mean 46.97 46.20 646.16 51.77 45.00 30.28 -18.01 -50.48 32.17 830.05 
sd 170.61 114.10 1470.86 283.99 185.30 74.76 303.15 201.12 98.25 1490.17 
cv 31.11 32.76 33.43 34.06 22.90 32.21 34.42 139.26 15.85 16.90 
 
Using this method, the project rate coefficient of variation for each project is given by eqn (2) where the element 
unit quantity and the element unit rate is denoted by a and x respectively.  This is done by using the correlation 
matrix (Table 6) for the element unit rates together with the element unit rate variances (Table 4) and element 
unit quantities (Table 1) for each project.  Table 7 gives the estimated elements rates, project rate, standard 
deviation and coefficient of variation for each project plus the approximate coefficient of variation under the 
independence assumption.  This method can clearly be used to estimate the coefficient of variation for any future 
project providing the element unit quantities are known.  As can be seen from Table 7, there are little differences 
in this example between the coefficient of variation estimates whether assuming independent or correlated 
element unit rates. 
 
 
Table 6.  Correlation coefficients for element unit rates 
Var  PREL SUB SUP M&E EW DRAIN SITED FURN CONTG 
PREL  1.0000 .2405 -.0231 -.0481 .2804 -.0429 -.1955 .2369 .2169 
SUB  .2405 1.0000 .0236 .0095 .1663 .1027 -.2772 .1758 -.0055 
SUP  -.0231 .0236 1.0000 .0564 -.2080 .0204 -.2424 .4894* -.0347 
M&E  -.0481 .0095 .0564 1.0000 .2134 -.3195 .0898 -.1117 -.1582 
EW  .2804 .1663 -.2080 .2134 1.0000 -.3762* .2108 -.2723 -.1622 
DRAIN  -.0429 .1027 .0204 -.3195 -.3762* 1.0000 .0031 .0630 .3530 
SITED  -.1955 -.2772 -.2424 .0898 .2108 .0031 1.0000 -.3920* .0003 
FURN  .2369 .1758 .4894* -.1117 -.2723 .0630 -.3920* 1.0000 .4385* 
CONTG  .2169 -.0055 -.0347 -.1582 -.1622 .3530 .0003 .4385* 1.0000 
*p<0.05 
 
 
CONCLUSIONS 
 
The paper has described a method for calculating the variance of total contract price based on a set of database 
projects.  The variance when allowing for intercomponent (element) variability was found to be much greater 
(cv=22.06) than the approximation under the assumption of independence (cv=14.59), confirming previous 
similar studies in this field.  It is shown that, given the reasonable assumption of lognormally distributed element 
rates, the total is also lognormally distributed and completely specified.  It also shown that the coefficient of 
variance is invariant of the gross floor area and so the method can be used when the gross floor area is not 
known.  Simulation of element rate estimates adjusted by professional judgement suggests that the independence 
assumption provides a reasonable approximation, the professional judgement absorbing most of the 
intercomponent correlations involved.  Similarly, the project rate variance is also shown to be reasonably 
approximated by the independence assumption.  A method is also proposed by which the coefficient of variation 
of individual projects can be derived. 
 
The major limitation of the research described in this paper is in the simulation of element rates and element unit 
rates and quantities.  Future research should undertake an empirical analysis of actual unit rate and quantity 
estimates as a check on the validity of the simulations and hence these results. 
 
 
Table 7.  Individual project cvs 
Proj PREL SUB SUP M&E EW DRAIN SITED FURN CONTG TOTAL SD CV AppCV 
1 1365.18 358.12 7396.81 1204.90 1481.80 487.68 1560.02 153.64 896.10 14904.25 3433.24 23.04 23.60 
2 1137.65 716.25 5253.81 470.88 1050.73 585.21 240.00 46.09 504.05 10004.68 2468.99 24.68 24.84 
3 568.82 701.92 3871.23 1232.60 1333.62 273.10 1980.02 52.24 638.47 10652.02 1875.57 17.61 18.80 
4 511.94 401.10 4631.65 1232.60 606.19 165.81 1120.01 46.09 448.05 9163.44 2160.73 23.58 24.22 
5 261.66 243.52 6912.91 900.21 754.37 219.46 680.01 70.67 996.91 11039.72 3148.92 28.52 28.86 
6 887.37 164.74 6636.39 623.22 579.25 219.46 460.00 98.33 896.10 10564.85 3060.87 28.97 29.01 
7 261.66 823.69 6152.49 1080.26 1050.73 112.17 1340.01 172.08 1232.13 12225.21 2868.92 23.47 23.80 
8 739.47 322.31 3871.23 166.19 606.19 326.74 680.01 12.29 358.44 7082.88 1745.91 24.65 25.63 
9 386.80 401.10 3110.81 318.54 458.01 214.58 680.01 202.80 324.84 6097.48 1508.71 24.74 24.19 
10 216.15 164.74 4631.65 470.88 606.19 219.46 460.00 239.68 313.63 7322.38 2203.33 30.09 29.26 
11 375.42 243.52 3871.23 470.88 592.72 117.04 900.01 172.08 403.24 7146.15 1813.62 25.38 25.43 
12 887.37 709.09 6014.23 1523.44 1320.15 273.10 980.01 70.67 840.09 12618.14 2837.79 22.49 22.90 
13 238.91 93.11 6083.36 1052.56 458.01 273.10 2400.02 138.27 907.30 11644.64 2792.49 23.98 24.97 
14 136.52 164.74 4631.65 470.88 1050.73 58.52 500.01 172.08 302.43 7487.55 2149.99 28.71 28.65 
15 637.08 322.31 6843.78 775.57 754.37 92.66 440.00 368.73 224.02 10458.53 3301.79 31.57 30.32 
16 386.80 479.89 7258.55 470.88 606.19 165.81 420.00 356.44 526.46 10671.03 3469.24 32.51 31.29 
17 511.94 243.52 3871.23 623.22 1050.73 273.10 680.01 368.73 347.24 7969.73 1953.83 24.52 23.47 
18 637.08 401.10 3110.81 623.22 902.55 273.10 560.01 328.79 336.04 7172.70 1633.39 22.77 21.52 
19 364.05 164.74 1589.97 1080.26 458.01 165.81 700.01 6.15 649.67 5178.65 882.51 17.04 17.78 
20 1114.90 322.31 2350.39 775.57 754.37 190.19 560.01 341.08 795.29 7204.10 1434.06 19.91 18.25 
21 523.32 85.95 4631.65 1232.60 902.55 175.56 80.00 307.28 672.07 8610.98 2343.20 27.21 25.80 
22 739.47 179.06 3110.81 1246.45 579.25 380.39 400.00 36.87 996.91 7669.22 1558.92 20.33 20.58 
23 511.94 386.77 6152.49 1661.93 458.01 434.03 740.01 3.07 448.05 10796.31 2866.98 26.56 26.96 
24 568.82 787.87 2350.39 623.22 902.55 263.35 2200.02 12.29 1008.11 8716.63 1229.64 14.11 15.90 
25 637.08 243.52 1589.97 318.54 727.43 170.69 460.00 273.48 336.04 4756.75 952.62 20.03 18.47 
26 261.66 322.31 2350.39 927.91 579.25 156.06 1780.02 6.15 1008.11 7391.85 1184.58 16.03 17.61 
27 136.52 85.95 3110.81 623.22 606.19 112.17 680.01 64.53 224.02 5643.42 1432.40 25.38 25.95 
28 637.08 164.74 2350.39 1080.26 1037.26 170.69 1120.01 3.07 672.07 7235.57 1210.11 16.72 17.74 
29 261.66 401.10 3871.23 900.21 1198.91 160.93 740.01 64.53 672.07 8270.65 1805.47 21.83 22.46 
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